Islamic knowledge is gathered through the understanding the Al-Quran. It requires ontology which can capture the knowledge and present it in a machine readable structured. However, current ontology approaches is irrelevant and inaccuracy in producing true concepts of Al-Quran knowledge, because it used traditional methods that only define the concepts of knowledge without connecting to a related theme of knowledge. The themes of knowledge are important to provide true meaning and explanation of Al-Quran knowledge classification. The main aims of this paper are to demonstrate the development of ontology Al-Quran and method used for searching the Al-Quran knowledge using the semantic search approach. Expert review has been applied to validate the ontology model and evaluate the relevance and precision of searching results.
ontological structure is focused on the relationship of concept in Al-Quran as defined in Arabic. [28] has developed ontology Al-Quran for Malay language and be source for determining the related concept of Malay terms in Al-Quran, and [29] has developed knowledge of Islam based on the Al-Quran by using ontology. These studies still infancy and much more work needs to be done to complete the ontology of Al-Quran. The application for the Al-Quran ontology still being developed based on traditional methods (i.e., using entity-relationship modeling). Moreover, most Al-Quran ontology is developed based on the English and Arabic languages, and therefore, not a complete application can allow searching and learning with the semantic based method to be implemented.
Ontology is defined as "an explicit formal specification of common concepts" and a branch of philosophy that involves the study of the types and structures of objects, properties, events, and processes of relations in every area of reality [31] . Descriptions of concepts and relationships can exist as an agent or a community of agents. This definition is consistent with the use of ontology as a set of concept definitions. Studies applied ontology to provide solutions in various fields, both in the social and natural sciences. Moreover, many types of ontology editors (e.g., Protégé-OWL) can be used to construct ontology. Thus, the efficient use of ontology editors during development is important while performing ontology visualization [18] [29] .
Researchers have argued that many types of editors are fit for the construction of an ontology system such as Protégé-OWL because of their robustness and flexibility of use [5] . An earlier study by [12] emphasized that the use of Protégé-OWL editor during ontology is acceptable while retrieving and searching for an exact word in a pool of texts. However, the appropriate selection and efficient use of editors are important while conducting ontology visualization and development, and thus, should be given consideration. Hence, the Protégé-OWL editor should be considered in the development and construction of an ontology-based system and in the context of its flexibility.
In general, the reasons for developing ontology are to share a common understanding of information among people or software agents, to reuse of domain knowledge, to make domain assumptions explicit, to separate domain knowledge from the operational knowledge, and to analyse the domain knowledge [3] . Moreover, the research in ontology in Islamic field is not A. Ta'a et al.
J Fundam Appl Sci. 2017, 9(5S), 800-817 804 new in the epistemology of information technology, due to its ability to describe Al-Quran verses in a common and meaningful ways [2] . Previous researchers have used ontology for prayer (Solat) classification [29] , and using the Wordnet model for Al-Quran semantic search [18] .
INFORMATION RETRIEVAL
Query formulations by users through keywords or spatial filters are helpful in presenting standard-based catalogs [10] . Therefore, the metadata fields that fit into the query depend on the metadata schema and the query functionality of the service used for accessing the metadata. Researchers have indicated that the two types of semantic heterogeneity, namely naming heterogeneity (synonyms) and cognitive heterogeneity (homonyms), which were used to discover related words or phrases from an information pool [11] . However, free-text entries are unfit to capture the semantics of a query or item [1] .
Knowledge Discovery and Retrieval
The goal of knowledge retrieval from a large volume of information is to provide user support for interpreting and obtaining adequate information, which could be achieved through an ontology-based approach. Adopting the said approach to retrieve information solves the challenges of free-text search facilities in catalogs and supports an intuitive interpretation of specific words. This approach will need to enable the navigation of differences in meaning [11] . Moreover, [32] suggested the use of explicit context models to re-interpret information for new applications. Thus, ontology gained popularity in information science because of its capacity to explicate contextual information [19] [20] [24] .
Knowledge Representation
The Al-Quran is the most widely read holy books in the world. Interest in automating knowledge extraction and retrieval from religious literature has led to the development of a number of searching applications to provide the ability to retrieve knowledge by using keywords [14] . A plethora of websites with Al-Quran and Hadith texts, search tools, reference materials, maps, and others have all been designed around natural language for human readers.
However, none of these websites provide a standardization, which is important for the machine to process the information.
[35] has presented some of the tools and programs that use keyword-based extraction architecture to model and retrieve data. Other web applications such as [13] has used the same keyword-based analysis for data retrieving.
Ontology-Based Information System
Ontology-based knowledge exchange is a popular issue for various research groups [21] .
Ontology has been treated as a good structure for storing and sharing knowledge. Ontology is a tool for exploring, inferring, and describing web sources [27] . Nevertheless, ontology has also been accepted in other fields, such as in electronic commerce and in creating terminological services in the health sector [17] . To date, ontology has become an essential tool for computer science applications and has been extended to satisfy the new vision and next generation of the World Wide Web (WWW), that is the Semantic Web. The aim of ontology is to build data structures for semantic web technology in a way that is easily understood by human and machines [34] .
In ontology-based information processing, the unstructured or semi-structured natural language text is extracted and presented the information through an ontology-guided mechanism [9] . The ontology creation may be conducted manually, automatically, or semi-automatically depending on the researcher's choice and research condition. The vision of ontology-based information processing includes a number of complementary disciplines, such as machine learning, natural language processing, data mining, and so on.
The global readership of the Al-Quran has increased attention on knowledge extraction and retrieval from religious literature and has led to the creation of knowledge retrieval by using keywords [25] . Several websites with Quranic and Hadith texts, search tools, reference materials, and so on have also been designed around natural language for human readers.
Several tools and programs that use keyword-based extraction architectures to model and retrieve data have been introduced for searching the Al-Quran knowledge. [26] has developed an ontology for the Bible and was created several classes of concept in the Bible, with each class having characteristics that define the concept and examples related to the concept that explained certain classes have subclasses. For example, the class book of the Bible has a relationship with the class chapter via the abbreviation properties.
Knowledge Searching for Ontology Al-Quran
A large number of Quranic databases exist in digital form and provide root verse search [18] . Information or knowledge retrieval is the process of gathering data resources that are relevant to associate data from a set of knowledge resources. The searching can be based on metadata, full text or content-based indexing. The proposed ontology-based approach for knowledge retrieval in the Al-Quran will be discussed detail in the following sections. The approach consists of two sub-stages: (i) development of an Al-Quran ontology, and (ii) development of Table 1 . Reference for the Theme Table 2 . Reference for the Chapter Table 3 . Reference for the verse
The searching approach is based on pattern matching of keyword with the database contents.
The entry point of this approach starts after the RDF/OWL file output from the ontology developed by using Protégé-OWL was translated into a relational database (i.e., MySQL),
where the RDF/OWL metadata (as shown in Table 1 , Table 2 and Table 3 ) was saved into the database. The result of searching was listed in ascending order, and ready to be picked for presenting the detail results. Fig. 4 shows the searching flow chart, and the algorithm for the searching approach. Fig.4 . The ontology searching algorithm
The prototype of searching application is developed to ensure the ontology specification and searching algorithm can be implemented through computer programming and deployment.
The prototype system is developed using Java programming language, JENA framework, Java Server Pages (JSP) and Hyper Text Markup Language (HTML). The JENA framework is used for ontology manipulation and it was selected because free and open source framework for building ontology-based application. Indeed, JENA provides an API to extract data from and write to the RDF files such as RDF/OWL file for Al-Quran ontology. Moreover, the Java programming language provides developer opportunity to create and deploy applications and services to the end users. Fig. 5 and Fig. 6 shows the example interfaces for the searching application. 
EVALUATION AND RESULTS
The Al-Quran ontology is validated by two Islamic scholar from the Islamic Center, UUM.
Both scholars were asked to check the correctness of ontology specification, which was defined according to the Al-Quran ontology model as shown in Figure 2 . The complete specification of Al-Quran ontology has been defined based on selected themes (i.e., Allah, Angels and Unseen). The experts were asked to check and corrected the theme definition, specific relationship between themes, and related to the relevant verses of Al-Quran. The experts have endorsed the validity of ontology specification as shown in Table 4 .
Consequently, the purpose of searching evaluation is to ensure the ability searching algorithm as shown in Figure 4 to retrieve knowledge in Al-Quran, and can be accurately produce the results according to the themes or sub-themes. The search method is tested by using a pre-defined test case, and the purpose of using a test case is to ensure all test functionalities are easily traced and be notified any changes occurred [8] . The test case prepares for this method is basically aimed to test the accuracy of searching method. The inputs (i.e., theme, sub-theme and sub sub-theme) for searching are predetermined and it's given to the user in the testing exercise. Nine (9) queries have been used as examples of the test case as shown in Table 5 . Table 4 . Ontology specification for validation Table 5 . Test case for searching Table 6 . Measurement for searching results
By giving a keyword, the relevant verses that related to themes, sub-themes, and sub sub-themes were retrieved. Then, the results produced from the search were evaluated on their precision and recall measurement. These two measurements are commonly used to measure the performance of the information retrieval [33] . For examples, based on query number 1 in Table 4 , the search is "Innate character". Thus, the calculation of recall is 90.4% and precision is 95% show that the query result for "the innate character" have a high percentage of accuracy according to the given theme, sub-theme and sub sub-theme. The calculation is using the following formula:
In summary, the result related to the query based on theme "Allah" was calculated on their precision and recall is shows in Table 6 . The results have shown the highest percentage of both precision and recall measurements.
Precision and Recall are the basic measurement used for evaluating the search method. Based on the results from the evaluation, the high accuracy of the searching method was related to the used by the database. The database stored contents from the RDF/OWL, which is also having a major contribution in improving the searching accuracy. Therefore, higher percentage of precision and recall have described the correctness of the searching method used in the Al-Quran ontology. The percentage can be increased if more themes or concepts are used in the experiments. Consequently, the correctness of the searching results can facilitate the learners to learn Al-Quran in an efficient way (i.e., online learning).
Generally, the success of online learning can be measured by how much information can be gathered or retrieved from the online sources [30] . Much information retrieved from the searching will provides more options to understand a particular knowledge. The relevant and correctness of the information retrieved will determine the success of the searching method.
This paper also evaluated the success of searching functionality in learning for a particular theme (i.e., Judgment Day). The query for searching is performed into two different methods:
traditional theme-based and ontology-based. Both methods were implemented in same computer platform (i.e., Windows 8 operating system). For traditional theme-based approach, Microsoft SQL Server was used as a database system. Table 2 shows the benchmark of searching results from both methods. Table 7 . Benchmark of searching functionality Table 7 shows the results that the ontology-based method has produced 38 triples/records compared to traditional theme-based method has produced 16 records. This benchmark has showed that the ontology-based searching methods were produced higher records/triples compared to traditional theme-based method. The matching results will give a wide range of knowledge to the users of learning the Al-Quran. Detail explanations for each of the information retrieved can be obtained from the various chapters of verses. Even though this benchmark only performed for one theme, the results explained that the semantic-based search method has produced several answers from the query. This provides rich information for users to be selected and learned. However, further research need to be done in order to exactly identify the relevant (recall) and correctness (precision) of searching functionality.
CONCLUSION
The Al-Quran is the most widely read holy books in the world. Interest in automating knowledge extraction and retrieval from religious literature has led to the development of a number of searching applications with the ability to retrieve knowledge on the basis of keyword, sentence or theme. This research proposed theme-based approach for knowledge retrieval in Al-Quran ontology. The proposed approach consists of two sub stages:
development of the Al-Quran ontology, and development of a semantic searching method.
This research has achieved the development of Al-Quran ontology, and also developed a method that facilitated the search in Al-Quran ontology by using semantic approach. Based on the evaluation, the searching method has retrieved the Al-Quran knowledge with relevant contents and acceptable accuracy. Further work will develop applications for learning Al-Quran knowledge that adopting this Al-Quran ontology model.
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